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Comptine 
Une souris verte qui courait dans l'herbe, 
attrapee par la queue et montree aces messieurs, 
ces messieurs n'en croient pas leurs yeux. 
Ils ont tort meme si elle est rouge. 
Jacques Frevert 
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The behaviour of adult rodents is affected by 
environmental factors which act (i) in the period 
between conception and birth, (ii) in the early 
post-natal life, and (iii) during later growth and 
development. In the present study the effects of 
(i) parental environment and (ii) status on the later 
agonistic behaviour of wild Mus musculus were studied. 
Wild pups were fostered on to domestic mothers 
or wild mothers to produce three classes of mice: 
(i) non-fostered (W), (ii) wild mice fostered on to 
wild parents (v.rw) , (iii) wild mice fostered on to 
domestic parents (WD). 
The young mice were weaned at 3 weeks and were 
caged with their siblings until they were 5 weeks old 
when the females were killed. At 8 to 10 weeks of 
lll 
age three male mice, of the same class but not siblings, 
were placed in a living unit called a triad which 
consisted of three mouse cages connected by a Y-shaped 
manifold. 
Each mouse occupied one cage of the triad except 
for a period of 6 h each day dur ing which the barrier 
between the cages was removed. Under these conditions, 
within two or three days they established a status system. 
lV 
In each triad there emerged an alpha (dominant) 
mouse and a beta and an omega, both of which were 
subordinate. The alpha mice were usually the heaviest 
at the beginning of the experiment. They ended the 
triad experiment in the best condition (with fewest 
wounds), gained weight, pulled more cotton for building 
their nests and eliminated urine and faeces (in the 
Y-tube connecting the three cages) more often than the 
subordinate animals. 
Betas adopted themselves to a subordinate role 
and remained in good condition (with some wounding), 
but lost some weight during the triad experience. 
Qnegas had extensive wounding, had a bedraggled 
appearance and lost more weight than the betas. 
The fighting intensity (total attacking time and 
response latency) was measured on day 2 and day 13 
during the first 10 min after removal of the wire 
barrier. WD mice fought less 
k~ldsin~ than WW or W mice. There was no difference 
in the fighting intensity of WW and W mice. 
A fourth set of triads was set up with one mouse 
from each of the three classes (W +WW+ WD). The 
mice from these triads are called MW. They too 
established a status system. In 16 triads only 2 WD 
mice became alphas, 5 became betas and 9 omegas. 
I• 
After the triad experience the mice were matched 
in pairs of like status (one alpha from one triad 
versus an alpha from another, and so on). During 
these dyadic encounters no differences were observed 
between classes, but differences were observed 
V 
between mice of different status. Alphas of all 
classes fought fiercely. 75 percent of such encounters 
resulted in a death within 48 h. Betas fought less 
intensely and only 9 percent of their encounters 
were fatal. Omegas did not fight at all and none died. 
Hence (i) the nest environment influenced ~9ti~ 
the agonistic behaviour ·@u1ei the Pe• of the mice, but 
did not affect the establishment of a status system; 
(ii) social status greatly affected the intensity of 
fighting and the outcome of encounters between mice. 
This thesis contains the r esults of two years 
of wo r k in the Department of Zoo logy, Australian 
National University. None of the material has been 
accepted for the award of any other degree or 
diploma in any univers ity and, to the best of my 
knowledge and belief, the thesis c ontains no material 
which has been previously published or written by 
another person, except where due reference is made 
in the text of the thesis. 
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1. INTRODUCTION 
The present experiments deal with some aspects 
of social behaviour of wild house mice Mus musculus L. 
The behaviour of laboratory strains of this species 
has been widely studied, but the wild form has 
received less attention and has been mainly studied 
because of its world-wide importance as an economic 
pest. The general intention of this work was to 
investigate the effects of rearing and learning on the 
later social behaviour of wild mice. 
Three questions determined the experimental 
design: 
i) How do different maternal environments 
influence adult behaviour? 
ii) 
iii) 
How do three males establish a status 
system in a laboratory living unit? 
How does status so established affect 
the encounter between two individuals 
of like status? 
Wild mice differ from domestic both structurally 
and behaviourally. These differences are primarily 
genetic, but they may be due in part to different 
maternal environments since, normally, a wild mouse 
is reared by a wild female and a domestic one by a 
domestic female. By the same token behavioural 
similarities among members of a population may be 
due not only to the possession of similar genes, 
but also to sharing a common environment. To 
distinguish the parts played by the genotype and 
environment, wild mice soon after birth were 
transferred to a foster mother. Some young were 
reared by a domestic foster mother, and some by a 
wild one. When they were 8 to 10 weeks old the 
social behaviour of the male mice was studied to see 
whether the different rearing conditions had had any 
effect. 
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2. REVIEW 
2.1 General concepts 
This chapter deals with the concepts which are 
relevant to the interpretation of the experimental 
findings of the present study. 
2.1.l Territory 
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The notion of territory was first developed by 
the English ornithologist Howard in 1920. A territory 
is usually defined as an area occ upied by one animal 
or a group of animals and defended against 
conspecifics (Hinde, 1970; Wilson, 1975). The method 
of defence varies among species ~ it includes visual 
and auditory cues, possibly odours, and injurious 
attacks. In this way the available living space and 
resources seem to be divided among a number of 
individuals; thus limiting the carrying capacity of 
the habitat and restricting the population size 
(Wynn-Edwards, 1962). Other functions have occasionally 
been ascribed to the territor ial s ystem. In 
particular, the resident animal is said to become 
familiar with its domain and as a r esult more exper t 
at finding food and evading predators there (Hinde, 
1956) . 
Crowcroft and Rowe (1963) have demonst rated 
that wild house mice, Mus musculus, are territorial. 
They observed male mice in artificia l colonies 
patrolling their territories and repelling intruders • 
Crowcroft (1966) found that each territorial male 
spends most of its time within its own territory: 
tentative investigation of other areas ends after a 
sniff at the threshold of another male's nest-box. 
The boundaries of the territories in large pens were 
determined by observing the positions at which~ 
i) 
ii) 
iii) 
iv) 
the presence of a mouse elicited attack 
a chase was broken off by an attacker, 
a retreating mouse turned and drove its 
attacker away, and 
patrolling and "sentry " activities were 
performed. 
I 
Mackintosh (1970) studied l aboratory mice in 
a large enclosure (180cm x 180cm x 90cm) in which 
4 
., 
the animals established separate territories. He 
suggested that territory formation depends not only on 
fighting and consequent social experience, but also on 
the size of the enclosure. An ordinary cage is too 
small to be divided into separate defended areas. 
In the present study territorial behaviour was 
not clearly observed, but status systems based on 
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relationships of dominance and subordination developed 
in small living units. 
2.1.2 Status system 
Dominance orders, relatively stable and based 
on individual adaptation to a particular social 
situation, have been documented in most species of 
mammals that have been studied (Crook, 1970). 
An animal that is given precedence in a social 
context is called dominant (Hinde, 1970). Dominance-
subordination relationships within the group determine 
the status system. It is commonly stated that such a 
system reduces the destructiveness of intergroup 
competition and is thus selectively advantageous to 
the group (Etkin, 1964). The selective advantage, if 
any, of being dominant seems to be related to the 
improved access to resources such as food, mates, or 
nest-sites. There is some evidence favouring the 
hypothesis of dominance advantage in reproductive 
competition. In a rece nt experime nt by DeFries and 
McClearn (1970) three male laboratory mice, 
distinguishable by genetic marke rs, and three females 
were caged together. In each r e plication the males 
fought for a day or two and e sta bl i shed a status 
system. The relationship between dominance and 
genetic fitne ss, as de tecte d by genetic markers in 
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the offspring was striking. In 18 of 22 groups 
established, the dominant male sired all the litters. 
In 3 of the triads a subordinate male sired one 
litter, and only one subordinate male succeeded in 
siring two litters. Dominant males, constituting 
one-third of the population, were the fathers of 
92 percent of the offspring. 
The significance of subordination is not so 
obvious and remains the subject of controversy. 
Krebs (1973) and his colleagues have studied two 
North American species of Microt u s in a long series 
of experiments. They suggest that subordinate 
animals play an important role in the dispersal of 
a population from areas of high density and are the 
ones most likely to pioneer new habitats. Thiessen 
(1966) found that subordinate mice had heavier 
spleens than dominant individuals, and were more 
active; Welch (1964) showed that the adrenals of 
subordinate mice contained more adrenalin than those 
of dominant animals. In other words there may be a 
physiological basis for dispe rsion. 
Rowell (1974) has revi e we d the concept of 
dominance among Primates. Adults are dominant over 
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juveniles, and males are usua lly dominant over females, 
but not always. Also, one of the most important points 
in her review is its r ejection of the concept of dominance 
as all-important. She concluded that dominance is a 
useful term to indicate that the outcome of competitive 
interactions between two animals is predictable at some 
practical level of certainty. Such predictability is 
mostly the result of previous learning experiences of 
the animals involved. On the contrary, submissive 
behaviour can be related to hyperfunctioning of the 
adrenal gland in response to environmental stress. 
Clarke (1955) established populations of Microtus 
agr estis in pens provided with nest-boxes. As the pens 
became crowded, chasing and fighting occurred, and 
after about a year three categories of males developed 
in one of the pens: one consisted of heavier 
individuals which had glossy fur and were widely 
ranging in their activities; another group, which 
comprised most of the popula tion, consisted of 
individuals of low weight, wh ich had tattered fur and 
extensive scarring and were restricted in their movements; 
the third group was intermediate . 
Barnett (1958, 1967) has described a similar 
status system among wild rats living in small 
artificial colonies. When adults are put together, 
and conflict occurs, the relationships between the 
males are determined by the result of the clashes. 
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In the simplest case three types of males may be 
distinguished. Alphas are always large in comparison 
with others: they move about without hesitation; if 
there is conflict they initiate it. Omegas are the 
result of defeat by one or more alphas. Such rats 
flee at the approach of an alpha. In confined 
colonies omegas, after a day or two of persecution, 
are marked by their slow movements and bedraggled 
appearance. They lose weight and may die. A third 
category consists of rats which, after defeat, adapt 
themselves to an inferior role: they have been called 
betas. They endure defeat and succeed in feeding with 
freedom to gain weight. In unconfined colonies, adult 
males are probably either alphas or betas; an omega 
would soon die or emigrate (Barnett, 1975). 
Analogous status catego r ies can be identified 
in Brown's (1953) and Crowcroft's (1966) descriptions 
of the social organisation of wild house mice, except, 
perhaps, that in their accounts t he subor dinate 
condition of omegas seems mo r e extreme. In their 
studies omega mice had seve r e injuries about the tail 
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and r ump, which accompanied changes in their resting 
position and general appea r ance. The wounds of some 
omegas become so extensive, as a r esult of constant 
attack, that almost the enti r e rump is denuded of skin 
(Plate 6). Omegas r emain outside the nests and flee 
at any sign of attack. Some omega mice died. 
Crowcroft (1966) reported tha t some omegas, which had 
been badly defeated and bitten, were no longer able to 
put up resistance or to flee. They huddled together 
without conflict and their fur appeared dull and scruffy 
compared to the sleek and glossy pelt of the alpha 
mice. Both Crowcroft (1966) and Prychodko (1958) have 
suggested that subordinates huddle together to conserve 
heat. Beta mice adapted themselves to a subordinate 
role and remained in good health. 
In the present study a sta t us system, consisting 
of one alpha, one beta and one omega, invariably 
developed among thr ee male wi ld mice placed in a social 
living unit called a triad (Fi g . 1). 
2.2 Social b ehavio u r of Mus rnus c ulus 
2.2.1 Signals 
Social living requires c orrununication between 
individuals, which depends on si gnals. A signal may be 
defined as a small amount of ene rgy or matter which 
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brings about a large change in the distribution of 
energy or matter in a system (Haldane, 1955). In 
social behaviour both the source of the signal and 
the system influenced are animals of the same 
species. Each signal reflects the internal condition 
of the performer. 
A signal may (i) encourage approach and the 
performance of some co-operative act , such as mating 
or care of the young, (ii) merely prevent attack, or 
(iii) induce withdrawal (Barnett, 1975). 
Animal communication depends for its efficiency 
on a hign degree of standardization and the use of 
only a few signals. All the main kinds of sense organ 
can, however, be affected by social signals. Hence the 
signals may be visual, auditory, olfactory or tactile 
and many of the postures adopted during agonistic 
behaviour (described in a following section) act as 
signals. Also several sensory modalities may be 
involved together, when a pattern of signals is given. 
2.2.2 Visual Signals 
In order to communicate with any precision, two 
animals must not only perform the appropriate actions 
but also orient themselves correctly for each 
transmission (Wilson, 1975). This probably explains 
the fact that many animal species use only chemical 
signals and many others use predominantly auditory 
signals. There are few, if any, that depend to a 
comparable degree on vision and many of the postures 
adopted during social interactions are accompanied 
by auditory and (possibly) olfactory signals. 
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Although mice have poor sight (Crowcroft, 1966), 
visual signals are widely used during pair interactions 
as also described in § 2.2.6. They include distinctive 
behavioural patterns such as: 
i) submissive upright posture - a rigid stance 
on hind feet,normally presenting the 
ventral aspect to the other, with the head 
raised high (Grant and Mackintosh, 1963); 
ii) defensive upright posture - a stance on the 
hind feet with one or both forepaws 
outstretched or hanging, with head raised 
and ears flattened, often accompanied by 
squealing (Grant and Mackintosh, 1963); 
iii) "mincing" - a quick walk with little steps 
to one side and then to the other, with the 
body hunched and the fur raised, performed 
in an arc in front of the defensive 
opponent (Scott, 1966); 
iv) 11 humping 11 - an arching of the back, often 
associated with mincing (Clark and Schein, 
1966) ; 
v) tail rattling - a stereotyped rapid and 
rhythmic movement of the tail against the 
floor (Scott and Fredericson, 1951); 
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vi) offensive sideways posture - a movement of 
the head toward the lower parts of the body 
of the opponent (Grant and Mackintosh, 1963). 
2.2.3 Auditory Signals 
Auditory signals can be broadcast day and night 
and can be detected over relatively long distances. The 
rapidity of the transmission of sounds and the equal 
quickness of their fade-out provide the basis for a 
very high rate of information transfer (Wilson, 1975). 
Adult male mice utter loud squeaks when threatened 
or attacked. Squealing combined with the submissive 
posture can be perhaps an effective deterrent against 
further attack (Crowcroft, 1966). In these situations 
a whistle may also inhibit approach, but this sound 
usually accompanies a threat rather than submission. 
Apart from audible sounds, mice of all ages make 
ultrasonic noises (Sewell, 1970), but these sounds 
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have been studied mainly in infant mice, and the full 
significance of these signals has yet to be determined. 
2.2.4 Olfactory Signals 
Odours are important as social signals. Mice 
sniff objects, food, and other mice, especially strangers 
and potential mates and react accordingly. Like other 
mammals, they have several glands which secrete odorous 
substances. Eibl-Eibesfeldt (1950) suggests that among 
mice family recognition is mainly olfactory and that 
the smell of a stranger precipitates fighting. When a 
strange mouse is introduced into a colony, there is a 
marked increase in recognition sniffing among the 
resident mice (Crowcroft, 1966). Mackintosh and Grant 
(1966) rubbed male laboratory mice with urine of other 
males. The mice so treated were attacked by companions 
with which they had previously been living peacefully. 
Wild mice leave odour trails during their 
movements about their living space. According to Reiff 
(1952), urine and genital secretions, of both mice and 
rats, contribute to the odour trails. - But the extent to 
which scent-marks are attractive, repellent or merely 
mnemonic has not been decided (further discussed in 
§ 5 • 3) • 
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2.2.5 Tactile Signals 
Odour, sights and sounds can all act at 
considerable distance. But another important source of 
social signals is the actual contact of one individual 
with another. Mice huddle, lick, paw and nuzzle. 
Brown (1953) observed that wild mice in cages tended 
to aggreg~te 1n favourite nests or corners. When 
there were only a few mice, all would usually be found 
in the same group, but after the number reached about 
six this was broken down into subgroups. The most 
consistent groups were of young, and subordinate males, 
especially those with severe injuries. 
Warne (1947) working with small groups of caged 
mice found that dominant individuals spent the least 
time in aggregation, but also spent more time grooming 
other mice. 
Alla-grooming or interindividual grooming 1s 
also a type of contact. This consists of a gentle 
nibbling of the fur on any accessible area of skin, and 
can be observed in either amicable or -hostile contexts 
(Scott and Fredericson, 1951; Crowcroft, 1966). A 
last group of tactile signals result from attack, and 
mainly consists of biting and pushing. The behaviour 
involved in clashes is described in § 2.2.6. 
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In the present study all types of signals were 
observed, but only olfactory signals with reference to 
scent-marking and dominance were recorded 
quantitatively. 
2.2.6 Agonistic Behaviour 
So-called agonistic behaviour includes any 
activity related to fighting, whether attack or 
conciliation and retreat (Scott and Fredericson, 1951). 
A "threat 11 is an aspect of intolerant behaviour. 
Normally this consists of a social signal (a sight, 
sound, odour, or contact which does not wound) which 
tends to prevent the approach or cause the withdrawal 
of a member of the same species (Barnett, 1975). 
Threatening behaviour by one mouse may have at 
least four functions. First, it may help to develop 
status systems. Second, it helps to expel juveniles 
from a family group. Third, and this is perhaps the 
most common one, it rebuffs strangers. Threatening 
behaviour may also be adopted by a female defending 
her nest and young. All these functions are usually 
achieved through the use of threatening behaviour 
without the need for physical contact. Sometimes, 
however, a threat may be followed by fighting or 
chasing. 
The "threat posture" which has been described 
for wild Rattus norvegic us by Barnett (1958) and for 
Rattus rattus by Ewer (1971) does not seem to have a 
definite counterpart in the behaviour of wild mice 
(Grant and Mackintosh, 1963). Tail rattling is 
considered as a form of threat to conspecifics. 
Clark and Schein (1966) noted that it is mostly 
performed (i) by an attacker before attack, (ii) by 
both mice during fights, and (iii) by a mouse 
approaching another. They concluded that probably 
16 
it serves as a threat to other animals as no physical 
contact is involved. Scott (1966) agrees that tail 
rattling could be a signal conveying a warning or 
threat, but he states that there is no evidence that 
other mice react to it as such. 
"Mincing" is also believed to serve as a threat 
(Beeman and Allee, 1945). It is usually observed 
before attack. "Humping" is associated with conflict, 
and probably related to mincing. The actual 
significance of humping is not known, but it may 
serve as a warning signal (Clark and Schein, 1966). 
It appears that tail rattling, mincing, and 
humping may be related to each other, but the exact 
I , 
I 
relationship between them is not clear. They are 
perhaps different manifestations of threatening 
behaviour. 
Among mice the behaviour commonly called 
fighting is an example of a stereotyped behaviour 
pattern with a number of distinct components. A 
brief account of a typical encounter is given below 
using Brown's (1953) and Crowcroft's (1966) 
descriptions as well as personal observations from 
the present study. 
During an encounter between a resident and a 
stranger the components are usually all displayed by 
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the resident. Preliminary activities include sniffing 
the genitals of the intruder, nosing, grooming, hair 
fluffing, tail rattling, mincing and confrontation. 
Usually attack occurs without warning and it is 
apparently triggered off by sight and smell. The 
strange male does not have to make very provocative 
movements, its mere presence is the signal for attack. 
Often from grooming of the stranger the resident 
imperceptibly graduates into biting. 
The attacked mouse may adopt a defensive 
posture, it may squeal or run away. The resident 
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chases, attempting to land a bite on the rump or tail. 
If there is no shelter the stranger will rear up on 
its hind feet holding out its paws toward the attacker 
as if boxing (Plate 3). Its ears are flattened and 
it remains motionless until attacked again. Such 
so-called submissive behaviour is usually accompanied 
by squeals and is easily recognised (Grant and 
Mackintosh, 1963). The attacking mouse may dash 
straight in to the attack and the two engage in a 
trial of strength, before another chase begins. But 
frequently the rearing up seems to deter the attacker, 
which a+so stands up at a short distance and faces 
the stranger while its tail rattles violently (Scott 
and Fredericson, 1951). After some tail rattling the 
attacker usually takes some quick little steps to one 
side and then to the other, with the body hunched up 
and the fur raised (Plate 4), a position previously 
described as "mincing 11 • Piloerection appears to 
increase the size of an individual and perhaps causes 
the other individual to withdraw. 
In a complete sequence fighting includes: 
leaping, biting, rolling, scuffling, scratching and 
wrestling (Plate 5). The attacker rapidly approaches 
I, 
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the back of the other mouse, the head comes in contact 
with the far flank, and a bite is usually given. The 
teeth grip the skin of the other mouse and the head is 
then pulled backwards. Typically a bite is 
exceedingly brief. Most of the bites are directed to 
the rump, tail or ear, less often on the nose or belly. 
These bouts are followed by longer intervals in which 
both mice adopt the upright posture, or possibly again 
a pose as if boxing (Ginsburg and Allee, 1942; 
van Oortmerssen, 1971). The intensity of fighting 
depends both on the chasing and attacking ability of 
the attacker and on the resistance or opportunity for 
escape of the defender. Individual mice differ 
greatly in the intensity with which they fight and in 
the extent to which they perform the separate motor 
patterns. The dominant mouse may continue to attack 
or "threaten" the subordinate long after the 
establishment of dominance, but the subordinate 
animal qoes not retaliate. 
In the present study fighting was observed in 
the triads and in the dyadic encounters. The postures 
adopted by the mice and the sequence of events were the 
same as those described by previous workers. 
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2.3 Factors affecting fighting 
2.3.l General 
An account of the main factors affecting fighting 
is given below. This review is an attempt to sununarize 
the vast literature on the subject. Some of these 
factors are directly relevant to the present study. 
Most of the fi ghting seen under natural conditions 
appears to be a direct response to the proximity of 
another individual in relation to a place, such as a 
nest-site, or to an a r ea such as a territory. In every 
case the rival is liable to elicit fleeing and avoidance 
responses as well as attack (~ ilson, 1975). In 
laboratory experiments fighting has been modified in 
two ways: 
i) by altering the internal state of the 
animal, and 
ii} by altering environmental factors. 
•rom such studies an account of fighting behaviour 
has evolved which has four main components. First, there 
is genetical vari ation in t he readiness to threaten o r 
attack (Scott, 1942; Scott and rredericson, 1951; 
Broadhurst, 1960; Lagerspetz, 1961). Second, there is 
the internal state which is the physiologica l mediator 
of fighting (Beeman, 1947; Kahn, 1951; King, 1957; 
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Bevan et al. 1960; Valzelli, 1973). Third, there 
are those responses which appear to depend on special 
conditions imposed upon the subject by its past 
environment (Ginsburg and Allee, 1942; Kahn, 1954; 
King, 1957; Scott, 1958; 1.ievine, 1959) . Fourth, 
there are irmnediate contingencies such as the sight 
of a stranger or crowding which may occur during an 
animal's life and evoke or facilitate fighting (Ulrich, 
1938; Fredericson, 1950; Rohles, 1967; Greenberg, 
1972; Wilson, 1975). 
The proximate causes of the variation will now 
be examined. They are most easily understood when 
classified into two sets of factors. The first set of 
stimuli is the internal adjustments through learning 
and endocrine change by which the animal's fighting 
responses to the external environment are made more 
precise. The second is the array of external 
environmental contingencies to which the animal must 
be prepared to respond, including encounters with 
strangers, competition for resources. 
2.3.2 Internal State 
Hormones - The relation of sex to fi ghting can 
be seen among rodents, where there is a tendency for 
males to fight more than females (Scott and Fredericson, 
1951) . The reported differences between males and 
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females in sizes of ce r tain physical structure do not 
appear to be the primary causes o f the fact that males 
fight each other more readily than do females. The 
reason for this appears to relate more directly to 
sex hormones (Bevan et al. 1960). The class of hormones 
most consistently associated with the heightened 
propensity to fight is the androgens. The most potent, 
in its effect on behaviour, is testosterone secreted 
by the testes. The effect of castration in a variety 
of mouse species (Beeman, 1947; Tollman and King, 1956; 
Bevan et al. 1960) is severely to reduce fighting and 
to change the animal so that it becomes quiet and 
passive. Administering androgen to a castrate restores 
the animal's fighting performance to the level attained 
before castration. righting stops when the hormone is 
discontinued. 
1·:hile there is much information concerning the 
involvement of adrenalin and noradrenalin, little is 
known about their causal relation with fighting. 
Davis (1964) suggests that these hormones are merely 
signs of a situation which permits the organism to 
carry out the fighting, and that they do not actually 
cause it. 
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Early e xp e r ience - The relationship between 
the hormones and fighting behaviour is nevertheless 
much more complicated than a simple chemical reaction. 
A juvenile mouse that has never fought would have an 
extremely low probability of winning an agonistic 
encounter with an experienced adult male. Kahn (1951) 
has shown that defeat of 21-day-old juvenile by an adult 
has long term effects that manifest themselves as an 
increase in defensive behaviour and a decrease in 
attack. 
King (1957) studied the effect of early social 
experience on the tendency to fight a stranger. He 
kept laboratory mice with their mothers until 20 days 
of age, which is almost the weaning age. Thereafter 
he kept some males together for various periods and 
isolated others. He found that the animals reared 
with other males attacked strangers much sooner than 
did the isolated ones. At least ten days of social 
experience were necessary to produce the effect. The 
same treatment of adults produced no effect at all. 
There is evidently a critical developmental period 
controlling the appearance of this effect. Isolated 
males investigate a stranger very cautiously, and 
many never start a fight at all. Males with social 
experience seem to recognize the stranger as an 
enemy immediately and waste no time in starting to fight. 
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Pr o l o nge d i so l atio n - Among the extreme 
treatments applied to adult mice is prolonged isolation. 
In contrast to the result for juvenile mice, a period 
of isolation increases the probability with which 
an adult animal will fight with a conspecific (Allee, 
1942; Scott and Fredericson, 1951; Lagerspetz, 1969; 
Valzelli, 1969). Such fighting represents the most 
striking and evident aspect of a series of symptoms 
induced by isolation. The fighting is in fact 
accompanied by many symptoms such as alteration of 
learning and memory processes and changes of brain 
protein synthesis (Valzelli, 1973). 
A formidable syndrome of pathological changes, 
external and internal, has also been described in 
laboratory mice kept in solitary confinement. Among 
the symptoms are skin lesions, which may· have been 
due to the absence of grooming by other mice (Fraser 
and Waddell, 1974), but also abnormalities in the 
kidneys and other organs (Hatch et al ., 1963; 
Banerjee, 1972; Valzelli, 1973), the cause of which is 
not understood. 
Experience of conflict - An a gonistic encounte r i s 
like ly to have multiple conse que n c es for the subsequen t 
fighting performance of the anima ls involved. These 
depend on the length, nature and outcome of the initia l 
I' 
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encounter. Severe defeats can suppress even defensive 
fighting in response to attacks; the passivity 
persists for a long time (Scott and Marston, 1953). 
Conversely victorious mice tend to increase the 
frequency of their fighting, and not necessarily 
against only defeated animals (Ginsburg and Allee, 
1942; Bevan et al. 1960; Lagerspetz, 1961, 1969). 
DeGhett (1975) showed that previous witnessing of 
fighting by juvenile C57BL/6 male mice shortened 
attack latency and increased fighting intensity later 
in their life. He placed young mice individually 
inside a protective mesh container for 5 min a day 
from 21 to 30 days of age and exposed them to visual 
and olfactory cues associated with the fighting of 
two strangers. If individual males witness 
fighting between adult male strangers, but do not 
participate in the tactile interactions, then these 
observers will fight more later in life. 
Dominance - Animals learn their place in 
territorial and dominance relationships during social 
encounters. As they move up in rank, -their readiness 
to attack increases, particularly when they encounter 
rivals which have been defeated previously. Animals 
that are defeated consistently display "timidity" and 
thus are more likely to retain their low rank than 
others which have experienced early victories 
(Ginsburg and Allee, 1942, I1cDonald et al. 1968). 
Body weight - A fight between two mice is 
usually started by the heavie r animal. Variation 
in body weight is partly of genetical origins but 
partly by environmental agencies so that nutrition 
during growth is important. 1. ei ght may change with 
change in status. Dominant mice are usually heavier 
than subordinate mice which gives them an advantage 
in an agonistic confrontation (Ginsburg and Allee, 
1942; Brown, 1953; Crowcroft, 1966). 
2 . 2.3 External environmental contingencies 
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Territory - The strongest stimulus to attack is 
the sight and the odour of a stranger, especially of 
a territorial int r uder. This xenophobic principle ha s 
been documented in wild mice. Crowcroft (1966) 
released mice one by one in la rge pens where other 
mice were already living . The intruders were always 
attacked. A mouse which was familiar with the area, 
even though it had been there f o r only a few hours, 
had a great advantage ove r a newly introduced mouse. 
The initial advantag e tended t o be r einforced by a 
11 psychological 11 one after a few encounters. In other 
words, the resident mice became more ready to attack 
intruders. 
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Albino mice left in their home cage are more 
likely to initiate fighting and to be successful than 
are introduced ones (Ulrich, 1938). r~ckintosh (1970) 
reported that many of the agonistic encounters between 
territorial domestic mice in pens resulted from 
incidental infringements of the boundary. 
Crowding - As animals move into closer 
proximity, the rate at which they encounter one another 
increases. But crowding in itself does not necessarily 
lead to conflict. \ ,here there is conflict, it is 
possible for a mouse to go short of food, even though 
there is plenty within its home range. C~owcroft (1966) 
found that wild mice fight more at high density, but 
that subordinate manage to survive by sharing the 
intolerance of dominant mice. Davis (1958) studied 
wild mice in a large cage and found that animals in a 
group tend to disperse according to the extent of 
fighting. As density increases the number of areas 
defended decreases till eventually none is defended at 
least successfully. Territorialism, social rank and 
fighting are all affected by density and the 
interactions between them make the interpretation of 
the space-fighting curves difficult. 
Food - The relation of fighting to the supply 
of food is complex. In gener al, fighting increases 
when food is clumped instead of scattered and the 
control of a small area of ground on which food is 
concentrated becomes profitable. 
Rohles and ~Yilson (1973) tested two strains of 
laboratory mice after food deprivation for 0,24,36 o r 
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48 h. } ost fighting occurred in one strain after 24 h, 
and in the other after 36 h. They suggest that the time 
of maximum fighting intensity is different for the two 
strains because the metabolic rates of the two strains 
are different. But in favourable conditions the 
difference in metabolism has no effect. 
Olfac tion - The important role played by olfactor y 
stimuli in fighting by mice has been demonstrated by 
~opartz (1967) who studied fighting irr normal and 
anosmic mice. The latter p r oved t o be totally peaceful. 
Ropartz (1968) found also that anosmic mice did not 
fight even when attacked, but irmnediately adopted a 
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subnissive posture or fled. He suggested that the 
effect of bulbectomy may be due to a lack of olfactory 
stimuli necessary for the release of fighting; 
alternatively, it might be due to the elimination of 
a central nervous mechanism essential for this 
behaviour. 
Mackintosh and Grant (1966) investigated the 
effect of urine on fighting. They marked albino mice 
with urine collected from strange animals, whilst 
controls were rubbed with cotton wool moistened with 
water. I-larking one or both members of a pair of 
mice with urine from stange mice increases fighting. 
On the other hand, agonistic reactions between two 
strange mice are reduced if one member is rubbed with 
urine of a mouse already known to the other. They 
concluded that certain substances (pheromones) 
contained in the urine of the mice directly affect 
agonistic behaviour between conspecifics. 
As can be seen, many factors affect fighting 
by adult mice. The two main factors examined in the 
present study were (i) the mate r nal environment and 
(ii) the status achieved by individual mice in the 
triads. 
3. MICE AND lIBTHODS 
3.1 The mice 
Wild house mice, of the third generation 
descended from individuals trapped on a farm in the 
Australian Capital Territory we r e used; and a new 
outbred strain of domestic mice was used as foster 
parents for some of the wild house mice. The 
domestic mice originated from a stock of genetically 
heterogeneous mice selected for their piebald coats 
and ar~ herein referred to as PB mice. The behaviour 
of three classes of wild mice was observed: 
i) not fostered (W), 
ii) wild mice fostered on to wild parents (WD ), 
iii) wild mice foste r ed on t o domestic 
parents (WD ). 
3.2 Procedure 
Thi rty-four mated pai rs of wild mice and 
twenty-six mated pai rs o f the PB stock we r e kept in 
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the Animal House of the Zoology Depa r tment, Australian 
National University, in black plast ic -cages (270 x 210 x 
130 rrun) with food and water in excess. The wild mice 
were of the second generation b r ed in the laboratory. 
The food, a complete diet, consisted of dry pellets, 
.Mecan Rat and Mouse Cubes manufactured by Fidelity 
Feeds Pty Ltd, M.urrumburrah, New South Wa les. 
I, 
Fresh sawdust and cotton wool were supplied 
weekly. The tempe r atur e of the room was maintained 
at 18 to 22 °C , and artificial light was provided for 
12 h daily. 
conditions. 
The mice bred successfully under these 
Litters were looked for daily. Each 
pair was allowed to raise its fi r st litter which 
was killed at 3 weeks of age. Second to eighth 
litters were used in the expe r iments. 
3.3 Fostering t echniq u e 
Young mice were fostered within 48 h of birth, 
but most fostering was done within 24 h. Whenever 
possible, litters of similar size were exchanged 
between parents. The true parents were removed 
from two litters and put in plastic garbage bins 
(from which they could not escape) and their litters 
were exchanged. The pa r ents in the two bins usually 
urinated after a while and their urine was then 
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brushed on the alien pups. If no urine was available, 
some wet sawdust from the corners of the cage was 
sprinkled on the litt er. The nest was left intact, 
but some cotton wool was r emoved from ~he side to 
cover the pups. After 15 to 20 min the parents were 
returned to thei r respective cages. They were 
observed for some minutes to see whether they 
accepted the alien litte r . Only the wild pups we r e 
tested l ater in the study; bu t wild parents whose 
litter had been fostered on to domestic parents 
were given the litter of the domestic parents in 
the belief that they were more likely to continue 
breeding if they were allowed to raise a litter to 
weaning. 
After fostering, the young were left 
undisturbed for 3 weeks; they were then removed 
from their foster parents. They were caged in 
litter groups until 5 weeks of age, when the females 
were killed. The weight of the males was recorded 
at 3 and 5 weeks to the nearest 0.1 g on a Mettler 
direct reading balance. The males were caged with 
their siblings until 8 to 10 weeks old when they 
were used in the experiments. 
3.4 Apparatus 
Defries and McClearn (1970) designed a triad 
unit for the study of social behaviour of laboratory 
mice and for testing the association between social 
dominance and Darwinian fitness. Similar units were 
used in this study (Fig. 1). Each triad consisted 
of three standard opaque, plastic mouse cages 
inter-connected by a Y-shaped manifold made of 
plexiglass tubing (40 mm internal diameter). Each 
cage of the triad was provided with a water bottle 
and food. AT-shaped wire mesh barrier could be 
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placed at the junction of the Y-tube to allow the 
occupants of each cage to see and smell one another 
although they could not change cages. 
Standard mouse cages with food, water and 
sawdust were used for dyadic encounters after the 
triad experiments. Each cage housed two mice of 
like status coming from two different triads. 
3.5 Experimental procedure 
With the barrier in position one male mouse, 
weighed and marked for recognition with a non-toxic 
black dye (Durafur), was introduced into each cage 
of the triad unit. The three mice were not 
siblings. On day 2 the barrier was removed for 
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6 h during the middle of the light period (09.00 to 
15.00 hrs). At the end of the 6-h period one mouse 
was gently pushed into each cage, but no attempt was 
made to return the mice to the section of the triad 
they had previously occupied. The Y-tube and the 
barrier were removed, washed, and replaced. This 
procedure was repeated each day until <lay 13. 
On days 2 and 13 the fighting intensity during 
the 10 min after removal of the barrier was 
recorded. During the 10-min testing sessions, two 
measures were made: fighting response latency and 
accwnulated attacking time. The latency of attack 
was expressed by the time in seconds from the 
raising of the T-barrier to the first attack. The 
accwnulated attacking time was the total time in 
seconds that the dominant mouse spent chasing, 
biting, wrestling, or striking the subordinate mice. 
These measurements were taken with two stopwatches. 
Every morning at 09.00 h, before removal of 
the barrier, the three sections of the Y-tube were 
inspected for the presence of urine and faeces. 
Elimination was usually performed during the dark 
period and was typical of animals in good condition. 
Generally, after a few days, droppings and urine 
were present in only one section of the Y-tube. At 
the end of the 6-h period on day 9 cotton wool 
(8 g) was placed on the wire top of each cage. The 
weight of cotton wool pulled into the cage by each 
mouse and the type of nest constructed were recorded 
before removal of the T-barrier on day 10. 
At any one time during the study there were 
4 triad units operating. At the end of the 6-h 
period on day 13 the males from each triad were 
classified as alpha, beta o r omega. The alpha mice 
were usually heaviest in the triad. They had a 
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glossy pelt and no wounding, gained weight, pulled 
more cotton for building their nests and eliminated 
urine and faeces (in the Y-tube connecting the 3 
cages) more often than the subordinate animals. 
Beta mice remained in good condition (with a few 
wounds), but lost some weight during their stay in 
the triad. Omega mice were marked by their slow 
movements, wounds, drooping posture, and bedraggled 
appearance. Their wounds were sometimes so bad that 
almost the entire rump was denuded of skin. They 
lost more weight than betas. 
After the triad experience the mice from the 
4 triads were matched in pairs of like status 
(one alpha from one triad versus an alpha from 
another triad, and so on) in a standard black mouse 
cage with food, water and sawdust. DurLng these 
dyadic encounters alpha mice fou ght fiercely for 
long periods. Some beta mice fought too, but omega 
mice never did. Omega mice aggregated and coexisted 
peacefully. The deaths occurring during these 
encounters were recorded. ~ost of them happened 
within 48 hand were obser ved only among alphas 
and some betas. All surviving mice were killed 
after 5 days. 
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Four sets of experiments were conducted. 
In the first set only W mice were used. In the 
second set only v"Jvv mice we r e used, and in the third 
set only WD mice were used. In the fourth set one 
mouse from each class was placed in each triad 
(i . e. W +WW+ WD) and animals of like status were 
matched as before after 13 days in the triad. 
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4. RESULTS 
4.1 Fos t ering 
The results of fostering a r e surrunarised in 
Table 1. Once a litter had been accepted by the 
foste r pa r ents the sur vival r a t e of the pups was 
very high and only a few individuals died between 
foste r ing and weaning (Table 2). 
The v:D pups we r e heavier , at both 21 and 35 
days of age, than,~, and W pups. This indicates 
that the nest envi r onment provided by domestic 
parents is mo r e favou r able to r apid growth than 
that of wild parents. The r e wa s no difference in 
body weight between the v; and \:W mice ( Table 3) . 
Hence there was no e f fect of wi t hin-gr oup fosterin g 
on growt h. 
,lost litters we re o f fi v e or mo r e young . 
Thei r numbe r was not r educ ed because the va r ia t ion 
in litter size did not af f e ct t h e weight of 
individual wild pups (Fi g .2). 
4.2 Triad e x peri e nc e 
Du r ing t he f i r s t day i n the triad t he mi c e we r e 
confined t o separa t e c a ge s but we r e in vi s ua l and 
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olfactory contact through the mesh barrier. On day 
2~ when the T-barrier was removed, they usually 
explored the other cages, met each other, wande r ed 
around, sniffed each other 1 s genitals and groomed 
each other for a few minutes before starting to 
fight. The first bite was the beginning of a long 
series of bouts which were usually brief, but 
frequently furious. This was especially true during 
the first few hours of contact. 
Severe injury resulted from many encounters, 
and examination of the animals after a few days 
together usually revealed at least one male with 
wounds about the tail and rump. The wounds on some 
mice became very extensive toward the end of their 
stay in the triad. Some had the entire rump 
denuded of skin as a result of repeated attacks. 
The fighting intensity diminished after the first 
few days (Table 5), by which time the status of 
each animal had usually been determined. Three 
status categories developed in triad: a , S and w . 
The males that were heaviest befo r e the triad 
experience tended to become alphas (Table 4). 
Alphas gained weight during the triad experience, 
betas and omegas lost wei ght, but the former less 
dramatically (Table 4). The analy sis of varianc e 
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of body weights before and after the period in the 
triad shows a positive interaction between rearing 
and status: the heaviest alphas were the WD mice 
and the lightest omegas we r e the~~ or W mice 
(Table 4). There was no inte r action between r ea ring 
and expe rience in the triad: that is, the stay in 
the triad did not affect differently the weight of 
the three classes of mice (Table 4). 
After the triad experience there was no 
difference in body weight between omegas of the 
three classes; there were, however, slight 
differences between alphas, of which the WD mice 
were the heaviest (Table 8). 
Alphas of all classes seemed to be the most 
exploratory and were usually the first to ente r 
the other cages, once the T-bar r ier was r emoved. 
During the period in which the T-barrier was in 
place the mice often deposited urine and faeces in 
the Y-tube. In each triad not more than two mice 
eliminated in the Y-tube in a single day. More 
often only one deposited urine and faeces. Alphas 
eliminated urine and faeces in the Y-tube on more 
days (6-11 out of 13) than the subordinates 
(Table 6). Betas and omegas did so for only a few 
days at the start, but alphas continued to do so 
throughout the experiment. 
39 
Alphas of all c l asses pulled the most cotton 
wool on day 9 to make their nests (Table 7). 
Thei r nests were usually bowl-shaped and the cotton 
was fluffed and mixed with sawdust. This activity 
required a considerable amount of energy because 
the cotton had to be pulled from the wire top of 
the cage. There was a strong positive correlation 
between elimination in the Y-tube and cotton pulling 
(Fig.5), shown by the high values of T . 
In the mixed triads, as in the other sets of 
experiments, a status system developed. More W and 
WW mice became alphas than WD mice and more WD mice 
became omegas than Wand WW mice (Table 9). In 
fact in 16 triads only 2 WD mice became alphas, 5 
became betas and 9 became omegas . All alphas, no 
matter what their rearing condition was, gained 
weight during the triad experience , but betas and 
omegas lost weight (Table 10). Alphas eliminated 
urine and faeces in the Y-tube on more days than 
betas and omegas (Table 6). Alphas pulled more 
cotton wool on day 9 to make their nest (Table 7). 
In all groups the accumulated attacking time 
and the response latency we re shorter on day 13 
than on day 2 (Fig -3 and Fig-4) . This means that 
(es.s t-"~b 
mice took i~og'iW'J,.:O oegin fighting, and fought less 
on day 13 than on day 2. 
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The comparison among groups shows that: 
(i) WD mice fought less both on day 2 and day 13 
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than the others, among which there was no difference, 
(ii) MW mice took longer to start fighting than the 
others (Table 5). 
4.3 Dyadic encounters 
Pairs of mice of like status were put in a 
mouse cage after the triad experience. A quite 
remarkable difference in fighting was noticed 
immediately. Alphas, after the usual preliminary 
activities, fought fiercely, some betas fought 
furiously too, but most only moderately, and omegas 
did not fight at all. The latter spent most of their 
time huddled together in a corner of the cage. This 
was observed in all rearing groups. 
Within 48 h alphas of all groups had a very 
high total death rate: 75 percent of such encounters 
resulted in a death. Betas fought less intensely and 
only 9 percent of the total encounters were fatal. 
No omegas died (Table 11). 
Table 12 shows the pairing of MW mice, the 
rearing condition and the body weight of each mouse 
used in these encounters. Of the 6 alphas which died 
2 were WD mice, 1 was a WW mouse, and 3 were W mice. 
The body weight did not seem to influence the outcome 
of the encounter. 
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5. DISCUSSION 
5 1 Nest environment • 
The results of the present study show the 
relevance of nest environment to the later behaviour 
of wild house mice, including social interactions, 
scent-marking, and nest-building. 
Levine (1962) and Denenberg (1967) have 
reviewed many of the studies on the effects of early 
stimulation ( "treatment 11 ) of infant mice on their 
later behaviour. In fact diverse stimuli may be 
experienced by the animal during "treatment" and 
there has been much debate on which particular 
stimulus was responsible for the observed effects. 
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Three types of stimulus seem to be involved in all of 
these studies and each has been suggested as the major 
one by various workers. They are: (i) direct tactile 
stimulation by the experimenter, (ii) hypothermia 
experienced by the infant during treatment, and (iii) 
altered maternal behaviour as a result of the treatment. 
Obviously these categories are not mutually exclusive. 
Levine (1962) advanced the hypothesis that the 
effects of a particular treatment a r e medi a ted by the 
direct action of additional stimulation, in some way 
"noxious or stressful", impinging upon the young 
organism during treatment. It is assumed that the 
additional stimulation, such as handling, modifies 
physiological systems, such as the pituary-adrenal 
axis, in the neonate which are responsible for the 
observed changes in adult behaviour. Since most 
treatments have been found to be effective at an 
age when the visual and auditory senses of the 
young rodent are not fully functional, it is further 
assumed that the operative aspect of treatment is 
the tactile-kinesthetic stimulation involved. It 
is also suggested that the crucial factor is the 
total amount of such stimulation received before 
weaning. 
Schaefer and Weingarten (1962) suggest that 
since non-treated pups receive frequent and intense 
tactile stimulation during normal maternal care, 
the additional stimulation received by the treated 
pups hardly seems sufficient to cause the effects 
observed. This led them to examine the alternative 
hypothesis that the effects of treatment are the 
result of incidentally cooling the pups. They 
suggested that under normal conditions some degree 
of hypothermia necessarily accompanies removal of 
the neonate from the nest, owing to its poorly 
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developed thermoregulatory system. They showed that 
artificially cooling the litter without removing the 
pups from the nest-cage depleted the adrenal ascorbic 
acid, measured at 12 days of age. The cage 
containing the litter was placed in a refrigerator 
at 7°-12°C for 12 min on days 2 to 7 of life. 
Handling pups for an equivalent period, with 
incidental cooling, produced similar effects. 
Schaefer (1963) found greater depletion of 
adrenal ascorbic acid at 13 days of age in pups which 
were handled and exposed for 8 min per day at room 
temperature on day 2, 3, 4 and 5 than in non-handled 
controls. Hutchings (1965), studying behavioural 
measures of emotionality, failed to find differences 
between handled non-cooled animals and non-handled 
controls. Further work (Hutchings, 1967)° has 
involved systematic variation of the duration and 
amount of heat loss in handled pups and his result s 
led to the notion that rate and duration of heat loss 
were both important, but that longer maint enance of a 
constant level of hypothermia was without additional 
effect. 
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In the present study, however, the handling and 
incidental cooling of pups during fostering had no 
effect on their later behaviour. v~v mice (handled) 
were not different from W mice (non-handled), but 
WD mice (handled) were different from WW mice (also 
handled). 
Schaefer (1957) and Levine (1959) examined 
the possibility that treatment interferes with maternal 
behaviour, since the pups are normally removed from 
the mother. It may be that treatment effects are 
due not to the direct action of the stimulation, but 
to the induced changes in maternal behaviour. 
Hessler (1962) has shown that strain differences 
in parent-offspring contact behaviour can be observed 
in mice. Barnett and Burn (1967) have examined 
parental behaviour when mouse litters were subjected 
to experimental treatments by recording the amount 
of contact given by both parents to offspring during 
5-min periods on days 6 to 10. More parental 
attention was given to pups that had been earpunched 
on day 6, and not disturbed thereafter, than to 
untreated controls. Handling for a short period each 
day did not increase contact ove r and above that 
attributable to earpunching, but exposure out of the 
nest at 34°C for 90-min period each day did. 
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Barnett and Walker (1974) have confirmed that injury 
to a nestling mouse increases the amount of maternal 
attention it receives. They also found marked changes 
in the temperature of young mice during the licking, 
the grooming and other treatment administered by the 
mother. 
In the present study hypothermia seems not to 
have been an important part of the treatment, since 
there were few differences in behaviour or body weight 
between WW and W mice. Bateman (1954) also reported 
that fostering per se had no influence upon the 12-day 
weight of mice. This is supported by the results of the 
present study, in which there was no difference in body 
weight between WW and W mice. But WD mice fought less 
a.rrd f6fil1t l@n1gsr t!o sear L figh Lin'! than WW and W mice, 
which indicates that the environment provided by the 
domestic mothers influenced the latei fighting 
behaviour of WD mice. 
It is difficult to identify the causal factor in 
the nest environment. Maternal behaviour after 
parturition falls into four major categories: 
(i) moving pups by the mouth, (ii) licking, grooming 
and nuzzling, (iii) crouching over pups in the 
nursing posture, and (iv) nest-building. The amount 
of time spent by a domestic mother on any of these 
activities probably differs from that spent by a 
wild mother, and may account for the differences in 
the later behaviour of the offspring. Unfortunately 
quantitative measurements of maternal behaviour were 
not made. 
Another difference in the nest environment may 
be due to the fact that wild mothers had smaller 
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litters than domestic mothers, and WD pups might 
therefore have received more milk, as milk is sometimes 
negatively correlated with litter size (Falconer, 1947). 
This suggestion is supported by the fact that WD mice 
were heavier than WW and W mice at 21 and 35 days of age 
and also as adults. Brwnby (1960) obtained similar 
results and so did Butler and Metrakos (1950) who 
cross-fostered litters at birth between la rge and 
small strains of domestic mice and showed that much of 
the difference in the adults could be accounted for by 
differences in the post-natal maternal environment. 
Hence it is inferred that WD pups had mor e milk than 
WW and W pups. 
- - - - - - - -
- - - - - - - -~ ~ - - - - - ~ ~ - - - - - - - - -
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In the present study the body weight of young 
mice was found to be independent of ·litter size within 
all classes of mice (Fig. 2), and this agrees with the 
results of Barnett and Neil (1972). Weight and 
fighting intensity were negatively correlated, but 
the reason is not clear. Perhaps WD mice were slower 
and less responsive than WW and W mice. Denenberg 
et al. (1966) found that domestic mice reared by rats 
were heavier, fought less, and were less active as 
adults than mice reared by other mice. 
5.2 Status and agonistic behaviour 
Early social experience has a pronounced effect 
on later agonistic behaviour. Young animals of many 
species rarely fight with adults or with young adults 
with which they have become socialized. As they grow 
older, they form a dominance-subordination relationship 
with their companions and continue to live in relative 
peace, at the same time beginning to fight against 
strange conspecifics (Scott, 1958). 
Mice reared in the same litter live peacefully 
together long after they reach adulthood, and they may 
never fight at all. If, however, after they have 
reached about the age of 32 days, they are exposed to 
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strange animals, they attack them. This is the time 
of puberty when the adult level of male hormone 
secretion is reached (Fredericson, 1950). Socialization 
can, then, prevent fighting by the process of passive 
inhibition and the early formation of dominance 
relationships (Scott, 1958). On the other hand, 
early experience involving mild or playful fighting 
facilitates fighting against strangers (King , 1957 ). 
In the present study the triad situation proved 
to be a useful technique for developing a status 
system (DeFries and McClearn, 1970). No matter what 
group the three mice belonged to (W, v:JW or WD) , they 
always established a social system with an alpha, a 
beta and an omega. The heaviest individual in the 
triad (Table 4) usually became the alpha, winning 
fights and attacking other mice. Alphas also gained 
weight in the triad and seemed to be the most active. 
Qnegas lost more weight than betas and their physical 
condition was poor. It is not clear why omegas lost 
weight so dramatically: weakness (as a consequence 
of wounds) may have prevented them from reaching 
the food and water which were on the roof of the 
cage. Encounters between mice in the triad determined 
and maintained the social structure. 
Brown (1953) and Crowcroft (1966) described 
similar social systems among wild mice in large pens. 
Wounds, starvation and consequent weakness accounted 
for the poor conditions of the subordinates. This 
type of weakness may be comparable to that displayed 
by wild rats, Rattus norvegicus, that collapse under 
attack (Barnett, 1958). 
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In the present study nest-building was 
performed only by alphas. Again the behaviour was 
displayed regardless of class; which shows, perhaps, 
that the dominant mice were more healthy and more 
energetic than the subordinates, as the cotton had to 
be pulled from the wire top of the cage. This also 
raises questions about the function of the nest. 
Given the opportunity, any mouse makes a nest, at 
least of a hollowed-out heap of material; · the site 
is under cover as a rule (Brown, 1953; Crowcroft, 
1966). 
In the present study the betas, though were 
~ 
physically capable, did not build nests. This 
suggests that nest-building is not simply an activity 
with a heat conservation function. The alphas which 
displayed it had a glossy pelt and were the ones 
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which needed it the least to prevent heat loss. 
This aspect needs more investigation since nest-building 
was studied only on day 9. 
The outcome of dyadic encounters was determined 
by the status of the mice involved (Table 9), but 
was not influenced by their post-natal experience. 
The alphas of all classes fought fiercely after 
pairing, and 75 percent of such encounters resulted 
in the death of one of the combatants within 48 h. 
Betas fought less intensely and only 9 percent of 
these encounters were fatal. Qnegas did not figh t 
at all and none died. In fact, many omegas improved 
in condition or at least, their wounds healed. 
It is not clear why the alpha mice died. 
Brown (1953) has also observed fatal encounters 
among wild mice, but did not identify the immediate 
cause of death • .Among wild mice in large c a ges, 
death is the rule after they have come unde r 
repeated attack or threat; sometimes it occurs 
after only a few days (Brown, 1953 and Crowcroft, 1966). 
In this study the wounds found after death could 
have caused weakness and starvation. It is not, 
however, certain whether all the wound s were inflicted 
before death. Direct observation s howed that there 
J 
was intense fighting among alphas and wounds were 
reciprocally inflicted after a few hours of pairing. 
t~st early wounds were about the tail and forepaws, 
but later in the encounters wounds were evident on 
the rump, the nose, or belly. Their fur became 
scruffy and some wounds bled. 
Barnett (1975) has reviewed the effect of 
11 social stress" on wild rats. He reported that 
some rats have died in encounters without being 
wounded at all. The attacked rats tend to be 
hyperglycemic, but liver glycogen is low. This, 
together with activity of the adrenal cortex, is 
related to hormonal imbalance induced by stressful 
conditions. Nevertheless, in the present study the 
cause of death has not been identified although 
social stress of the same kind may well be an 
important component. 
There is a rather heterogeneous group of 
unfavourable conditions which induce a -syndrome of 
responses among which are increased activity of the 
sympathetic nervous system and increased secretion 
of hormones by the adrenal medulla and cortex. 
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If exposure is prolonged, the adrenal glands 
enlarge. The adjustment of endocrine function is 
ass·umed to contribute to survival, though this has 
not been fully demonstrated. 
This situation could well apply to mice since 
Welch and Welch (1969) found that mice which 
frequently attack others (that is, those said to be 
dominant) have lighter adrenals than subordinates 
which are the object of attack. Crowded mice in the 
laboratory tend to have heavier adrenals, and larger 
amounts of adrenalin and noradrenalin in them, than 
uncrowded mice (Christian and Davis, 1964). The 
rate of release of the adrenal catecholamines is 
raised by the intolerant behaviour of conspecifics, 
and a possible consequence is enhanced responsiveness 
to stimulation in general. Unfortunately, in the 
present study, organs were not kept as the animals 
were needed for later encounters. So this hypothesis 
could not be checked. 
• 
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Usually the heavier of two mice both starts 
~Y'~-r 4, 
and wins a fight (Brown, 1953); ~/jn tne mixed (,~~~!::J 1,-~ M-~~">d- ~ ~J 
triads WD mice, which wereLheavies, were more 
docile and fought less than the lighter VJW and W 
mice. In fact in 16 triads only 2 WD mice became 
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alphas, 5 became betas and 9 became omegas (Table 10). 
,It • 8@Hto, t.Jaien, @file. t the ef feet.a ttf l:'e5 L=na Lal 
enconr.:k'iirs, In the dyadic encounters among alphas 
the two WD mice paired with W mice died within 48 h, 
though they were slightly heavier than the W mice. 
It would be of great interest to identify the 
component of nest environment which is responsible 
for such an effect on social behaviour. 
5.3. Scent-Marking 
The deposition of odoriferous secretions, urine 
or faeces, to form a scent-mark, is a part of an 
animal's system of olfactory communication. 
distinct from the release of a volatile scent 
It is 
directly into the air, in that scent is deposited by 
specific action patterns, but it is not necessarily 
distinct by any functional criterion (Johnson, 1973). 
The deposition of urine and faeces, carrying 
secretions of the sex accessory glands or anal 
glands may constitute marking behaviour (Kleiman, 
1966; Mykytowycz, 1970; Ralls, 1971). 
Schenkel (1966) suggests that the term 
marking should be used when the occur persists and 
can be perceived by other members of the species 
constituting an indirect contact between them. 
The active substances in scent-marks are pheromones 
(defined as chemical social signals). Scent-marks 
can transmit various olfactory messages and there 
have been a number of suggestions on their 
corrununication value (Johnson, 1973). 
ways: 
Scent-marks might act in any of the following 
(i) as a deterrent, to warn conspecifics away 
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from occupied territory; (ii) as a sex attractant or 
stimulant; (iii) as a system of labelling the 
habitat for an animal's own use in orientation or to 
maintain a sense of familiarity with an area; (iv) as 
an indicator of individual identity; perhaps including 
information on sexual status, age or dominance; (v) as 
an alarm signal to conspecifics. 
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The factors which evoke marking can be classified 
as those relating to (i) novel stimuli, (ii) agonistic 
behaviour, or (iii) sexual behaviour. Maruniak et al. 
(1974) found novel stimuli to be the most effective cause 
of marking with urine by male laboratory mice. Marking, 
agonistic and sexual behaviour have a common 
physiological basis to the extent that they all depend 
on sex hormones. The size and secretory activity of 
the scent-glands of several species are influenced by 
sex hormones (Mykytowycz, 1962; Stoddart, 1972). 
The mediating role of olfactory cues in agonistic 
behaviour has been demonstrated in mice (Mackintosh and 
Grant, 1966; Ropartz, 1968; Bronson, 1971), and such 
cues may occur in the scent-gland secretions. An 
association between marking and fighting and dominance 
has been reported for a large number of species 
(Johnson, 1973). Marking is related to status; for 
example, dominant rabbits, Oryctolagus cuniculus, 
mark more than those of lower status (Mykytowycz, 1965), 
and the same is true of Mongolian gerbils, Meriones 
unguiculatus, (Thiessen et al. 1971). Mykytowycz 
(1965) recorded an increase in marking activity when 
rabbits engaged in encounters. Sometimes marking may 
serve as a threat or warning, as in the account given 
by Lockley (1961) of a dominant rabbit marking 
58 
inunediately before it chased off a subordinate. 
Ralls (1971) concludes that animals mark frequently in 
any situation where they are both intolerant and 
dominant. The occurrence of marking in conjunction 
with fighting suggests that it plays some part in the 
demarcation of territorial boundaries. But its 
effect in agonistic encounters has not in fact been 
determined. 
It has been reported that the mouse and the 
rat can discriminate between odours from stressed and 
unstressed animals (Mliller-Velten, 1966; Valenta and 
Rigby, 1968; Carr et al. 1970, 1971). Olfactory 
cues of this type might 4 be deposited in scent-marks. 
Mliller-Velten (1966) found that mice avoid the odour 
from the urine of stressed mice. 
A laboratory test to determine whether alien 
scent-marks were approached or avoided was carried 
out by Baran and Glickman (1970). Male gerbils were 
found to prefer shredding paper impregnated with alien 
sebum compared to either neutral paper ~or paper 
carrying their own sebum. They concluded that approach 
rather than aversion to alien sebum was indicated by 
this result. In support of this Thiessen e t al. (1970) 
reported that male gerbils but not females, showed 
more interest in a pod impregnated with sebum from 
another male compared to a neutral stimulus. Rowe 
(1970) found that male house mice were attracted 
to traps previously occupied by unfamiliar males. 
Thus the evidence suggests that male scent-marks do 
not cause avoidance by other males. 
Schultze-Westrum (1965) found that a group of 
sugar gliders, Petaurus breviceps papuanus, 
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marked an object more when it had been previously 
marked by another group of animals than if it was 
presented as a clean novel stimulus. A similar 
finding was reported for golden hamsters, Mesocricetus 
auratus, (Johnston, 1970) and for the mongoose, 
Helogale undulata rufula, (Rasa, 1973). Hamsters 
marked more when introduced to a cage which had been 
occupied by another, unfamiliar animal, than they did 
when introduced to a similar clean cage. Similarly, 
if alien faecal pellets were placed in a rabbit's 
home territory or cage, they elicited intense marking 
(Mykytowycz, 1968). If, however, a rabbit was placed 
in the completely unfamiliar territory of another 
rabbit, it did not mark, although it did mark in a 
socially neutral, novel area. Thes e observations 
suggest that the response to an alien scent-mark 
varies according to the context in which it is 
encountered. This may be important in the 
interpretation of laboratory studies. It has been 
shown by Nyby et al. (1970) that gerbils can learn 
to modify their marking frequency, apparently in 
response to olfactory cues associated with attack 
and defeat; that is, they mark more if dominant 
and less if subordinate. 
There are some observations of a threat 
display in response to alien scent-marks; they 
support the view that marking itself contains an 
element of threat. For example Eibl-Eibesfeldt 
(1953) reported that the European hamster, Cricetus 
cricetus, adopts a characteristic "threat posture" 
upon smelling the scent-mark of another animal. A 
"threat display" in response to alien scent from 
the cheek gland of the mongoose is also reported 
(Rasa, 1973). Some threatening behaviour patterns 
occur together with marking behaviour. Evidently a 
number of events can occur in response to an alien 
scent-mark. Approach, investigation and marking are 
probably the most usual. The nature and the strength 
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of the response made to a scent-mark may depend on 
the social relationship and the experience of the 
two animals concerned. 
Finally it is also relevant to consider the 
effects an animal's scent-mark has on itself. In a 
speculative paragraph Ewer (1968) suggests that an 
animal's own scent might act to "increase its 
con£ idence 11 • It has been suggested that thi s effect 
of scent, after it has been released as a response 
to novelty or fear, may have been fundamental to the 
origin of scent-marking (Morris, 1966; Ewer, 1968). 
In the present study urine and faeces were 
deposited daily in the Y-tube of the triad almost 
exclusively by alpha mice in all classes. In each 
triad not more than two mice eliminated in the Y-tube 
in a single day. Betas marked for fewer days and 
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omegas did so only rarely at the beginning of the 
triad experience. More often only one mouse deposited 
urine and faeces and this was almost always an alpha 
mouse (Table 6). 
These observations suggest two conclus i ons that 
are supported by previous work: (i) marking i s 
I 
L 
correlated with status, since alpha mice mark more 
than betas and omegas; (ii) elimination is involved 
in the development of the status system because betas 
and omegas marked only at the start when their status 
was not completely determined, but never did so once 
the status system was established. Johnston (1970) 
and Rasa (1973) made similar observations. 
5.4 Suggestions for further work 
Many interesting issues have been raised by 
these experiments and they suggest several areas for 
further research: 
i) Similiar studies on domestic mice fostered 
on to wil? parents would enable one to 
compare the effects of nest environment 
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and status experience on later behaviour 
between wild mice and domestic · mice. This 
might provide further insight into the 
relative importance of genetic and 
environmental variation iri the determination 
of status. 
ii) Parental behaviour and maternal care should 
be monitored and the amount of parental 
attention given to offspring by wild mice 
and domestic mice should be studied in 
detail in an attempt to identify the causes 
of the differences in adult behaviour. 
I 
/, 
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iii) More experiments on scent-ma r king could 
be done. It would be interesting to know 
whether the marking by the alphas deterred 
the betas and omegas from entering the 
marked area of the Y-tube. Unfortunately 
records of the effects of marking were 
not kept and this aspect was not 
investigated in the present study. 
iv) Nest-building in the triads could be studied 
for more days. T9is could perhaps give more 
information about the betas. During day 9 
the latter did not make a nest even though 
they were capable of doing so. 
v) Post-mortem study of mice which die during 
dyadic encounters might show evidence of 
haemorrhages, muscular lesions and cuts. 
vi) 
This could, perhaps, lead to the determination 
of the cause of death. Adrenal gland weight 
should be recorded and other pathology should 
be analysed to give a better picture of the 
physiological changes undergone by the mice 
during agonistic behaviour. In general, 
organ weights give a less labile and hence a 
more accurate picture than circulating 
hormone levels (Bronson, 1967). 
Dyadic encounters between WD mice and W mice 
of like status (alpha versus alpha, and so on) 
should be set up to investigate the 
idea, based on the MW mice, that WD 
alphas tend to lose to W alphas in an 
encounter. 
The results of the present study suggest that 
maternal environment determines the fighting ability 
.a~ ®~8 ~tutus g~,2ow2 in ~he trlaa and the fate of 
alphas in a dyadic encounter. 
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No. of 
TABLE 1 
RESULTS OF FOSTERING 
WW mice 
litters 18 
Litters killed* 2 
No. young fostered 129 
No. young killed* 13 
No. y oung died 5 
No. young weaned 111 
No. males weaned 57 
WD mice 
18 
1 
130 
9 
2 
119 
55 
*These mice were not accepted at all by- the parent s 
79 
80 
TABLE 2 
I 
PERCENTAGE LOSS OF YOUNG AND MEAN LITTER SIZES AT 
3 WEEKS, WITH STANDARD ERRORS 
percent loss Mean no. in 
before litter at 3 
No.born weaning weeks 
w 123 4.1 7.4 + 0.26 
WW 116 4.3 6.9 + 0.28 
WD 119 1.7 7.3 + 0.26 
81 
TABLE 3 
BODY WEIGHT (g) OF MALES AT 21 AND 35 DAYS: 
MEANS AND THEIR STANDARD ERRORS 
No. of mice 21 35 
w mice 54 9.0 + 0.02 14.7 + 0.02 
WW mice 57 9.1 + 0.02 14.8 + 0.02 
WD mice 55 11.1 + 0.02 17.0 + 0.02 
r 
11 
ANALYSIS OF VARIANCE 
Variation 
sour~e df ss MS Fs 
Subgroups 5 899.58 179.92 
A (21, 35) 1 799.84 799.84 3.99 X 10 4 
*** 
B (group) 2 99.48 49.74 50 
*** 
A X B 2 0.26 0.13 6. 5 . . . 
Within (error) 90 1.47 0.02 
Total 95 901.05 9.48 
A: F 
0 • 0 0 I (l; 90) = 11.89 B,A x B: F 
0 • 0 U I (2; 40) - 7. 6 8 
Confidence level of 0.1 percent 
I· 
TABLE 4 
BODY WEIGHTS (g) (i) BEFORE AND (ii) AF TER 
THE TRIAD EXPERIENCE : MEANS + STANDARD E RRORS 
w mice 
WW mice 
WD mice 
In each group N - 48 
a 
( i) 20. 6 ± 0. 27 
(ii) 21.4 ± 0.26 
( i) 21. 5 ± 0. 28 
(ii) 22. 2 ± 0. 28 
(i) 23.8 ± 0.19 
(ii) 24. 3 ± 0. 24 
SOCIAL STATUS 
s 
19.1 ± o. 28 
18.9 ± 0.30 
21. 0 ± o. 32 
20. 7 ± 0.30 
22.3 ± 8.26 
22. 0 ± o. 23 
w 
1 7. 7 ± 0. 43 
16.4 ± 0.46 
1 7. 3 ± 0. 29 
16.2 ± 0.36 
17. 8 ± 0. 29 
16. 5 ± 0. 38 
82 
Variation 
source 
A (rearing) 
B (a,S,w) 
TABLE 4 (continued) 
ANALYSIS OF VARIANCE 
df ss MS 
2 211.97 105.78 
2 1425.72 712.86 
C (before/after) 1 4.91 4.91 
A x B 4 104.34 26.08 
A x C 2 0.34 0.17 
B x C 2 42.72 21.36 
A X B X C 4 0.47 0.12 
Within (error) 270 454.03 1.68 
Total 287 2244.00 7.81 
Fs 
15.52 
0.10 
12.71 
0.07 
Ax B: F 
0. 0 0 1 (4,270) = F (4,00) = 4.62 0 • 0 0 1 
Ax C, Bx C: F 
0 , 0 0 1 (2,270) = F 0 • 0 0 1 (2,00) - 6.91 
Confidence level of 0.1 percent 
83 
*** 
... 
*** 
. . . 
r 
TABLE 5 
FIGHTING INTENSITY AMONG GROUPS 
Mean durations (sec) and their standard errors 
In each cell: 8 encounters 
84 
ACCUMULATED ATTACKING TIME FIGHTING RESPONSE LATENCY 
day 2 day 13 day 2 
w 72.5 ±6.0* 58. 3 ± 7. O** 236.8 ± 15. 4 t 
WW 73.0 ± 6. 7* 53.1 ± 5.3** 218.6 ± 15.8 t 
WD 44.7 ± 5 .1 37.6 ± 5.1 277.7 ± 38. 6 t 
l\1W 80.1 3.4* 57.0 2.7** 129.2 9.6 
Mann-Whitney U-test 
AAT day 2 
AAT day 13 
FRL day 2 
FRL day 13 
* 
** 
t 
t t 
different from WD (p<0.01) 
different from \TD (p <0.04) 
different from ~M (p <0.001) 
different from h W (p <0.04) 
day 13 
152.2 ± 17.9t t 
157.1 ± 12.1 tt 
154.1 ± 20.4 tt 
94.0 7.7 
' I 
I 
I· 
r 
TABLE 6 
ELIMINATION 1 IN THEY-TUBE DURING TRIAD 
EXPERIENCE (no. of days out of 13) 
MEDIANS (AND RANGES) 
In each cell N = 8 
SOCIAL STATUS 
a. 8 
W mice 8.5 (6-11) 0 ( 0-2) 
WW mice 8.5 (7-11) 0 (0-3) 
WD mice 9.5 (6-11) 0 (0-5) 
MW mice 9 (6-11) 0 (0-3) 
w 
0 ( 0-1) 
0 (0-2) 
0 ( 0-1) 
0 (0-1) 
*For each group: a.>8 and a.>w (p<0.004, sign-test) 
1Urination and defaecation 
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I 
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TABLE 7 
MEDIAN WEIGHTS AND RANGES OF COTTON PULLED (g) 
IN THE TRIAD, DURING 18 h ON DAY 9 (N = 8 in 
each cell) 
SOCIAL STATUS 
s w 
W mice 2.9 (1.9-4.6) 0.5 (0.0-0.9) 0.0 (0.0-0.3) 
WW mice 2.7 (1.8-3.9) 0.5 (0.2-1.1) 0.0 (0.0-0.5) 
WD mice 3.0 (1.9-3.8) 0.5 (0.1-1.5) o.o (0.0-0.3) 
MW mice 2.4 (1.2-3.4) 0.4 (0.0-0.8) 0.0 (0.0-0.3) 
In each case a>S and a>w (p 0.001, Mann-Whitney U-test) 
I 
I, 
TABLE 8 
BODY WEIGHTS (g) AFTER TRIAD EXPERIENCE 
MEANS AND THEIR STANDARD ERRORS 
In each cell N - 8 
w WW WO 
87 
MW 
a 21.2 ± 0.42 22.2 ± 0.46t 24.2 ± 0.32* 22.2 ± 0.18\J 
16.4 ± 0.67 16.8 ±0.47 16.2 ± 0.50 
p< 0.001 0.001 0.001 
Student's t-test 
* different from Wand from WW (p<0.001) 
t different from W (p<0.2) 
16.7 ± 0.15 
0.001 
V different from W (p<0.2) and from WD (p<0.01) 
I 
I 
I 
I 
W mice 
WW mice 
WD mice 
TABLE 9 
STATUS IN 16 MIXED T~DS 
percent in parenthesis 
a 
8 ( 50) 
6 (37.5) 
2 (12.5) 
SOCIAL STATUS 
s 
4 ( 25) 
7 (43.7) 
5 (31.2) 
88 
w 
4 ( 25) 
3 (18. 7) 
9 ( 56. 2) 
'l 
r 
1 '
I , 
89 
TABLE 10 
BODY WEIGHT (g) BEFORE (i) AND AFTER (ii) THE TRIAD 
EXPERIENCE IN 16 MIXED TRIADS 
ALPHA 
( i) (ii) 
w 20.8 21.3 WW 
w 19.5 20.9 WD 
w 20.1 22.7 WW 
WD 20.8 23.2 WW 
w 21.0 22.4 WW 
WW 22.3 23.1 WD 
WW 22.4 22.9 w 
WW 20.9 21.5 w 
w 20.6 21.2 WD 
WW 21.5 21.8 w 
w 21.9 22.3 WW 
WW 21.7 22.7 w 
w 20.7 22.1 WD 
WD 21.2 22.5 WW 
w 21.6 22.6 WW 
WW 22.1 23.5 WD 
Mean 21.1 22.2 
S.E. ±0.19 ±0.18 
BETA 
( i) (ii) 
19.8 19.2 
19.5 19.1 
19.7 19.3 
20.2 19.7 
20.7 20.2 
22.1 21.8 
20.7 20.0 
20.5 19.5 
19.9 19.8 
19.8 19.3 
19.3 18.7 
19.5 19.1 
19.7 19.5 
19.4 18.8 
20.4 19.2 
20.3 19.6 
20.0 19.5 
±0.16 ±0.17 
WD 
WW 
WD 
w 
WD 
w 
WD 
WD 
WW 
WD 
WD 
WD 
WW 
w 
WD 
w 
OMEGA 
{ i) (ii) 
17.8 16.9 
17.5 16.3 
19.3 17.8 
16.9 16.5 
17.4 16.8 
17.4 16.7 
18.0 16.9 
17.6 16.4 
17.8 16.3 
18.1 17.0 
18.3 17.4 
18.2 17.7 
17.0 15.3 
17.4 16.1 
17.6 17.2 
17.1 16.2 
17.7 16.7 
±0.14 ±0.15 
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TABLE 11 
DEATHS IN DYADIC ENCOUNTERS 
a v a B V ,B w V W 
W mice 7 (87.5) 1 (12.5) 0 (0.0) 
WW mice 6 (75.0) 1 (12.5) 0 (O.O) 
WD mice 5 (62.5) 0 (O.O) 0 (O.O) 
MW mice 6 (75.0) 1 (12.5) 0 (O.O) 
Total 24 (75.0) 3 (9.3) 0 (0.0) 
8 encounters in each cell 
percent fatal encounters in brackets 
- -
TABLE 12 
DYADIC ENCOUNTERS BETvIBEN MALES OF 
GROUP 4 (MI XED TRIADS) 
ALPHA BETA 
W(21.3) V W(20.9)* WW(l9.2) V WD(l9.l) 
W(22.7) V WD(23.2)* vlW (19. 3) V WW(l9.7) 
W(22.4)* V WW(23.l) 1'\7W ( 2 0 • 2 ) V WD ( 21. 8) 
WW(22.9) V WW ( 21. 5) W ( 20. 0) V W(l9.5)* 
W( 21.2) V WW(21.8)* vro (19. 8) V W(l9.3) 
W(22.3) V WW(22.7) WW(l8.7) V W(l9.1) 
' 
W(22.l) V WD (22.5 ) * WD (19. 5) V WW(l8.8) 
W(22.6)* V vlW(23.5) WW(l9.2) V WD(l9.6) 
*Animal died within 48 h 
Ini t ial weights (g) in brackets 
,--. - --~~- - I'........::.- - -- -
OMEGA 
WD(l6.9) V WW(l6.3) 
WD(l7.8) V W(l6.5) 
WD ( 16. 8) V W(l6.7) 
WD(l6.9) V WD(l6.4) 
WW(l6.3) V WD(l 7 .0 ) 
WD(l7.4) V vm (1 7 . 7) 
vv1W (l5.3 ) V W( l 6 .1 ) 
WD(l7.2) V W(l6.2) 
\0 
f-1 
.. 
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FIGURE 1. Plan of triad in which fighting intensity, elimination, cotton 
pulling, and status were recorded. Each cage housed a mouse 
and was provided with water and food. AT-barrier placed at 
the junction of the Y-tube separated the mice thus allowing 
the mice to be in visual and olfactory contact. The barrier 
was removed for 6 h daily. After each period each mouse was 
gently pushed into a cage and the barrier replaced. 
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PLAN OF THE TRIAD APPARATUS FROM ABOVE 
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FI GURE 2. Body weight of males at 21 and 35 days, related to litter 
size at weaning. Lower curves refer to 21 days; upper 
curves to 35 days. Numbers of litters for each size in 
the middle. Litters were of five to nine young in all 
three classes. 
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MEAN BODY WEIGHTS OF MALES AT 21C+) AND 35 (e) DAYS RELATED TO THE LITTER SIZE AT 21 DAYS 
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FIGURE 3. Accumulated attacking time. Mean 
durations recorded at days 2 and 
13 in the triad during the 600 sec 
after removal of the T-barrier. 
Vertical lines represent standard 
errors of the means. 24 mice in 
each group. In each case day 2> 
day 13 (p<0.05, Walsh test) except 
for WD (p<0.057, Wilcoxon test). 
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FIGURE 4. Fighting response latency. Me a n 
durations recorded at days 2 and 
13 in the triad during the 600 s ec 
after removal of the T-barrier. 
Vertical lines represent standar d 
errors of the means. 24 mice in 
each group. In each case day 2 > 
day 13 (p <0.05 Walsh test). 
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FIGURE 5. The relationship between cotton pulling and elimination. 
The strong correlation is shown by the high values ofT, 
and is given for 8 alpha mice in each group. 
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THE RELATIONSHIP BETWEE" COTTON PULLING AND ELIMINATION 
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PLATE 1. Nursing. PB domestic foster mother tending suckling infant WD 
mice aged 10 days. 
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PLATE 2. Care of young. PB domestic foster mother licking the genital 
area of an infant WD mouse. 
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PLATE 3. 
L 
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"Boxing". The dominant mouse (left) is in an offensive upright 
posture (raised hair). The two animals face each other. 
The subordinate has flattened ears and pushes the other with 
its forepaws. 
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PLATE 4. Tail rattling. The dominant mouse (left) rattles its tail and 
"threatens" the subordinate which crouches. 
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PLATE 5. Two mice fighting. The one in the foreground was the attacker 
and later became the dominant. 
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PLATE 6. An omega mouse. The rump is denuded of skin and some wounds are 
visible on the tail. 
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